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O ver the years, needle biopsy has dramatically changed the evaluation of head and neck lesions. Prior to routine use of needle biopsies, surgical biopsy was a primary technique for tissue diagnosis in the head and neck. However, with the improvement of image quality and development of different needle systems, fine-needle aspiration (FNA) and core-needle biopsy (CNB) have become the primary methods for making a tissue diagnosis in the thyroid and salivary glands, as well as in lymph nodes. 1, 2 While FNA of head and neck lesions is a well-established technique, CNB is increasingly recognized as a preferred diagnostic technique, particularly with lymph nodes and salivary gland lesions. 3 The goal of this article is to review the role of CNB in evaluating head and neck lesions.
Overview of Biopsy Techniques
Palpation-guided FNA of neck lesions is commonly performed in a clinic setting and is a reasonable initial diagnostic procedure. Image-guided FNA, however, has been shown to produce higher diagnostic yield. [4] [5] [6] [7] [8] US is the preferred method of imaging guidance, although CT guidance can be helpful for deeper lesions, particularly near the skull base. 9, 10 FNA is performed using narrow-gauge needles (20 to 25 gauge) with the goal of removing sufficient cells for cytologic analysis. FNA biopsies can be performed with or without suction (capillary action). We generally begin with an FNA biopsy using a 25-gauge needle with capillary action and add suction or use a larger needle if the initial passes yield an insufficient sample. One benefit of US-guided FNA is its safety, with a very low incidence of significant complications. 1, 11, 12 The main disadvantage of FNA is the small sample acquired, which can lead to cases of an insufficient sample or nondiagnostic results. 4, 13 CNBs are performed with larger gauge cutting needles (16 to 20 gauge) to harvest tissue fragments, allowing histologic assessment and identification of the architectural features of the specimen. There are many core biopsy devices, including semi-automated and fully automated side-cut needles as well as fully automated end-cut needles. 2, 14 CNB has been shown to increase diagnostic yield compared with FNA biopsy of salivary lesions and cervical lymph nodes. 3, [15] [16] [17] [18] The principal disadvantage of CNB is the concern for a greater incidence of significant complications, including tumor implantation along the biopsy tract, hemorrhage, and damage to adjacent structures, although the actual risk is low. 3, 19 There are multiple differences between the FNA and CNB techniques. Preliminary cytologic assessment of fine-needle aspirates may be performed by an onsite pathologist, allowing real-time feedback to assess the adequacy of a sample. Although immediate assessment of core specimens is feasible with touch prep technique, core specimens are generally placed in solution to be examined after the procedure. Core specimens generally provide larger specimens for subsequent immunohistochemical analysis, although such analysis can be successful with FNA if sufficient sample is available for creation of a cell block. 19 With CNB there is the risk of sample bias, as often only 1 or 2 samples are obtained, whereas with FNA a larger portion of the lesion can be sampled by directing the needle throughout all portions of the lesion with real-time US guidance.
Image-guided head and neck needle biopsies are commonly performed using single needle technique. Coaxial technique using an introducer needle allows multiple needle samples with a single puncture and can be performed particularly with deeper lesions. Disadvantages of coaxial technique include larger needle size and the potential for introducing gas into the tissues surrounding a targeted lesion, which can impair US visualization.
The indications for, results of, and potential complications of CNB vary between different tissues of the head and neck. Highlighted below are the specific issues regarding CNB in the thyroid, salivary glands, and cervical lymph nodes.
Thyroid Gland
The thyroid gland is in the anterior cervical neck, just inferior to the larynx, in the visceral space. It is anterior to the trachea and esophagus, and medial to the carotid sheaths. The arterial supply to the thyroid is from the superior and inferior thyroid arteries. The superior thyroid artery is the first anterior branch of the external carotid artery and runs superficially along the anterolateral surface of the thyroid. The superior thyroid artery is the landmark for identifying the superior laryngeal nerve, which courses with the artery until approximately 1 cm from the superior thyroid pole. The inferior thyroid artery arises from the subclavian artery in the thyrocervical trunk. It ascends vertically, then curves medially to enter the tracheoesophageal groove in a plane posterior to the carotid space. Most of its branches penetrate the posterolateral aspect of the thyroid. Posteromedial to the thyroid is the tracheoesophageal groove where the paratracheal nodes, recurrent laryngeal nerve, and parathyroid glands are located. The recurrent laryngeal nerve is associated with the inferior thyroid artery at approximately the junction of the lower and middle thirds of the thyroid gland.
In 2015, the American Thyroid Association updated guidelines for the work-up of adult patients with thyroid nodules. 20 These recommendations combine nodule size, sonographic appearance, and clinical risk factors to determine the need for FNA, with FNA rarely indicated for nodules < 1 cm. Nodules highly suspicious for malignancy based on sonographic appearance include those that are solid and hypoechoic, or have a solid hypoechoic component in a partially cystic nodule with one or more of the following characteristics: irregular margins, microcalcifications, greater height than width, rim calcification with small extrusive soft-tissue components, or evidence of extrathyroidal extension. Prior to FNA, patients should have a thorough diagnostic US examination, as findings on diagnostic US change management in more than half of patients. 21 Specifically, if suspicious lymph nodes are discovered, then FNA of at least one node is generally indicated. 22 When biopsy of a thyroid nodule is indicated, FNA is the procedure of choice. 20, 22 FNA provides samples that are satisfactory for interpretation in 89% to 95% of cases; 55% to 74% of samples are definitively benign and 2% to 5% are definitively malignant. 20 The most significant disadvantage of FNA occurs when the cytology is nondiagnostic. According to the Bethesda System for Reporting Thyroid Cytopathology, nondiagnostic samples include atypia or follicular lesion of indeterminate significance in 2% to 18% of nodules, follicular neoplasm in 2% to 25%, and suspicious for malignancy in 1% to 6%. 20 In the setting of nondiagnostic cytology, repeat FNA with US guidance and onsite cytology review for adequacy is suggested and may yield a diagnostic result in 60% to 80% of nodules. 20 If the second USguided FNA is also nondiagnostic, it has been shown that a third FNA is less likely to be diagnostic. At this point, further evaluation of the US characteristics can help determine the next step. If the lesion has suspicious imaging characteristics, then further workup with either CNB, molecular testing, or surgical excision should be considered.
The role of CNB of thyroid nodules remains controversial. In the setting of a nondiagnostic FNA, CNB has been reported to have a higher diagnostic rate than repeat FNA, with diagnostic rates of > 95%. [23] [24] [25] CNB has also been shown to have highly diagnostic results in the setting of a calcified thyroid nodule where FNA adequacy may be difficult. 26 One study, however, suggested that CNB may be less sensitive than FNA for the diagnosis of malignancy. 27 Subsequent studies have found a higher sensitivity for detecting malignancy with CNB as compared with FNA, although CNB may be limited in the setting of a follicular lesion. 23, 28 The limitation of CNB in the setting of follicular lesions is not surprising, as the histologic differentiation between follicular adenoma and low-grade follicular carcinoma requires evaluation of the entire specimen to detect capsular invasion. 28 One meta-analysis concluded that CNB had suboptimal sensitivity for malignancy (68%); however, this meta-analysis did not include the most recent reported studies. 3 CNB of the thyroid is considered safe by most recent reports with occasional hematomas and self-limited hemoptysis, but no major complications requiring intervention. 23, 25, 26, 28 In the setting of a nondiagnostic thyroid nodule FNA, molecular testing of FNA samples is an option. Like CNB, the role of molecular testing has not been definitively established, particularly given the rapid advancement of molecular testing techniques. 29 For instance, one molecular testing technique has been reported to have sensitivity and specificity of > 90% for both follicular lesions and atypia of undetermined significance. 30, 31 Molecular testing is generally performed with FNA aspirates and, therefore, has the theoretical advantage of decreased risk of complications as compared with CNB. Additionally, it is possible (and our practice) to collect specimens for molecular testing at the time of the initial FNA, although this requires an additional 1 to 3 needle sticks per nodule. The molecular testing specimens can be retained in the laboratory for several months, allowing a
FIGURE 2. A 72-year-old man with a painless parotid mass. FNA suggested a cellular lesion of uncertain significance. Initial US-guided core biopsy image (A) demonstrates a semi-automated side-cut needle (thin arrows) with its tip at the margin of the mass. The specimen trough was then deployed within the lesion (thick arrows, B). The outer cutting portion of the needle was then activated (C). The core biopsy established the diagnosis of a pleomorphic adenoma.
A B C decision on whether to send the specimen for molecular testing to be made after final cytopathology results. The major advantage of this approach is that the patient does not have to return for a second biopsy procedure.
In addition to primary thyroid malignancies, primary thyroid lymphoma is another important pathology to consider. Thyroid lymphoma comprises 1% to 5% of all thyroid malignancies and most commonly consists of either marginal zone (mucosa-associated lymphoid tissue) lymphoma, which has a good prognosis, or diffuse large B-cell lymphoma, which has a poor prognosis. 32 When the FNA results suggest lymphoma or when the clinical suspicion for lymphoma is high in the presence of a nondiagnostic FNA, subsequent collection of material for flow cytometry and CNB can be obtained (Figure 1 ). CNB has been reported to have a 90% diagnostic rate for thyroid lymphoma. 28
Salivary Glands
The parotid gland is the largest of the salivary glands and lies in the parotid space, which is the most lateral major suprahyoid neck space. The parotid gland is bound superiorly by the external auditory canal, inferiorly by the mandible, anteriorly by the masticator space, and posteriorly by the sternocleidomastoid and posterior belly of the digastric muscles. The parotid gland is divided into superficial and deep lobes, which are anatomically delineated by the facial nerve. While the facial nerve cannot be directly visualized sonographically, its position can be inferred by the retromandibular vein, which commonly runs just deep to the facial nerve. The external carotid artery runs deep to the retromandibular vein and ascends through the gland to give rise to the posterior auricular, maxillary, and superficial temporal arteries. The accessory lobe of the parotid is positioned anteriorly along the parotid duct and lies superficial to the masseter muscle. 33 The submandibular glands are in the anterior portion of the submandibular triangle, below the floor of the mouth. The submandibular duct connects the gland to the floor of the mouth. Similar to the parotid gland, the submandibular gland is made up of superficial and deep lobes delineated by the mylohyoid muscle. Three nerves are closely associated with the submandibular glands: lingual, hypoglossal, and the marginal mandibular branch of the facial nerve. The lingual nerve begins lateral to the submandibular duct and courses an-teromedially. The hypoglossal nerve is deep to the gland and runs superficial to the hyoglossus muscle but deep to the digastric muscle. The marginal mandibular branch of the facial nerve runs inferior to the submandibular gland. The submental arteries and veins provide blood supply to the gland.
US is the initial modality of choice for investigating a salivary gland lesion. MRI is a useful second-line imaging test, particularly for deep parotid lobe lesions that may be difficult to fully visualize with US due to limited deep sound penetration or when perineural spread of tumor is suspected. US guidance during needle biopsy allows for direct visualization of the needle within the mass, facilitating targeting of solid portions of the mass and avoidance of adjacent vascular structures.
Approximately 70% of parotid masses are neoplasms. 34 The differential diagnosis of parotid neoplasms is complex, as the World Health Organization (WHO) classifies 28 types of salivary malignancies, many of which have low-, intermediate-, and highgrade varieties. 35 Additionally, more than a dozen benign neoplasms may occur in the salivary glands. 36 The likelihood of malignancy for a salivary neoplasm is inversely proportional to the A B gland size, with 15% to 32% of parotid tumors, 41% to 45% of submandibular tumors, and 70% to 90% of sublingual tumors found to be malignant. 36 Needle biopsy of a salivary lesion is generally requested to determine whether a lesion requires surgical excision, as many salivary lesions are treated nonoperatively. Additionally, even if surgical excision is planned, preoperative diagnosis allows optimal patient counseling regarding prognosis and, in the setting of parotid tumors, the likelihood of facial nerve injury or sacrifice during surgery. 35, 37 Although previously common, surgical incisional biopsy is now generally contraindicated because of the risks of infection, tumor seeding, facial nerve injury within the parotid gland, as well as sialocele and fistula formation. 34 Surgical biopsy has been replaced by FNA. While FNA is safe, quick and readily performed in the outpatient setting, it is not without limitations, specifically a fairly high rate of nondiagnostic samples and a limited sensitivity for malignancy. Nondiagnostic rates for salivary FNA have been reported to vary between 12% and 50%, with sensitivities varying between 64% and 88%, with considerable heterogeneity between studies. 4, 5, 38 CNB of salivary gland lesions has emerged as the preferred method to overcome the limitations of FNA. In three studies directly comparing FNA and CNB of salivary lesions, the nondiagnostic rate was 19% to 56% for FNA and 4% to 5% for CNB, while the sensitivity for malignancy was 60% to 76% for FNA and 89% to 93% for CNB. [15] [16] [17] Typically, core biopsies are sufficient for formal histologic and immunohistochemical analysis, thus allowing for The major concern regarding CNB of salivary lesions has been an increased risk of significant complications, such as facial nerve injury during parotid biopsies. While facial nerve injury remains a theoretical possibility, the recent literature regarding CNB of salivary masses reports only occasional minor complications such as hematoma, but no nerve injuries or other major complications. 15, 16, 39, 40 A key step in avoiding nerve injury is thought to be use of careful technique that limits deployment of the cutting notch of the CNB entirely within the targeting lesion ( Figure 2) . 16 Another potential complication is needle tract seeding with subsequent tumor recurrence; however, the exact incidence of this is unknown as tumor recurrence may be 10 or more years after the biopsy. 12 Tumor seeding has been rarely reported with both FNA and CNB; the risk of tumor seeding is likely less with needle biopsy than with surgical biopsy. 12, 34 The safety and efficacy of CNB of salivary lesions has led some authors to recommend CNB as the initial biopsy technique, although others leave open the possibility of starting with FNA in institutions where FNA has been successful. 19, 37 In our practice, we most commonly begin with FNA, but have a low threshold to add CNB for lesions with a solid component if the preliminary FNA results suggest nondiagnostic cytology.
Lymph Nodes
Cervical lymph nodes are composed of lymphoid tissue and are located along the lymphatic vessels in the neck. Each lymph node is encapsulated by fibrous tissue and contains a cortex and medulla. The cortex is composed of densely packed lymphocytes, while the medulla consists of medullary trabeculae, medullary cords and sinuses. Normal lymph nodes are ovoid or reniform in shape, with sharp distinct margins. Pathologic lymph nodes commonly exhibit alterations of shape, morphology and vascularity. Lymph nodes suspicious for malignancy are typically more round, with irregular or ill-defined margins, and may contain a central area of calcification or necrosis. 41 On US, this is demonstrated by a loss of the normal echogenic fatty hilum and internal heterogeneity. Normal lymph nodes show central hilar vascularity, whereas malignant nodes show eccentric or absent vascularity, peripheral perfusion, focal perfusion, or multifocal aberrant vascularity. Although larger nodes tend to have a greater likelihood of malignancy, lymph node size is a poor predictor of malignancy. 41 The anatomic location of cervical lymph nodes is based on 7 nodal stations, levels I-VII. 42 Metastatic carcinoma to neck lymph nodes tends to follow predictable patterns in an untreated neck. Oropharyngeal squamous cell carcinoma, which is often associated with the human papilloma virus (HPV), tends to spread to bilateral level II and level III lymph nodes. 43 Oral cavity cancer, including anterior tongue, lips, and floor of mouth tumors, typically involves level I or level II lymph nodes. 44 Cutaneous primary squamous cell carcinoma of the midface and scalp most commonly spreads to intraparotid lymph nodes, followed by level II and level V nodes. 45 Papillary thyroid cancers tend to metastasize to levels III, IV and VI. In papillary thyroid cancer, level II involvement is less common and level I involvement is rare, although any lymph node level may be involved with widespread disease. 46 Metastatic disease to neck lymph nodes from an infraclavicular primary tends to most prominently involve the supraclavicular lymph nodes (at the inferior aspect of level IV and Vb). 41 Lymph node involvement of lymphoma can include any nodal basin in the neck, including the intraparotid nodes.
US-guided needle biopsy is well established in the evaluation of neck lymph nodes, although the procedural approach should be customized for each patient based on the clinical scenario. In a patient with a suspicious cervical node, or cluster of nodes, and no history of malignancy, the most likely diagnoses are reactive/infectious adenopathy, lymphoma, and metastasis from an unknown primary malignancy. In this situation, we begin with US-guided FNA. If the preliminary cytopathology yields a polymorphous population of lymphocytes with no suspicious cells and our clinical suspicion based on the patient presentation and sonographic appearance of the nodes is low, then we stop with FNA.
If there is a greater suspicion for malignancy, then we will add FNA passes for flow cytometry. Flow cytometry can be performed with both FNA and core samples, as long as the samples are placed in the appropriate medium, such as the Roswell Park Memorial Institute (RPMI) solution. Whether FNA or core specimens are preferred for flow cytometry is a matter of institutional preference. With a high level of suspicion based on clinical presentation or preliminary cytopathology, then we will add a core biopsy (Figure 3) . As compared with FNA alone, CNB has been shown to increase the diagnostic yield for lymphoma and decrease the need for excision biopsy. 47 A recent meta-analysis found CNB to have a sensitivity of 92%, specificity of 93%, and accuracy of 92% in distinguishing lymphoma from reactive adenopathy. 3 In a patient with a recently diagnosed primary malignancy and neck lymph nodes suspicious for metastasis, we find that FNA is frequently sufficient to confirm metastasis, provided that the primary malignancy has been sufficiently sampled and there is no need for further pathologic evaluation or molecular testing. In a patient with suspected infraclavicular primary malignancy without a pathologic diagnosis and suspected neck node metastasis, the neck nodes are an excellent location to sample the disease, due to the ease of sampling the neck and the very low rate of significant complications. In this setting, CNB is frequently indicated to allow for complete pathologic and molecular tissue evaluation. 48 Suspicious cervical lymph nodes in a patient previously treated for papillary thyroid carcinoma (PTC) is a unique but commonly encountered situation. Lymph nodes containing metastatic PTC commonly have cystic changes, calcification or hyperechoic foci, and disordered vascularity (Figure 4) . Although CNB may have a role in highly selected cases of metastatic thyroid cancer, tissue thyroglobulin assay is the test of choice for suspicious lymph nodes with negative cytology in a patient with a history of PTC. 49, 50 When we perform FNA of a suspicious lymph node in a patient with a history of PTC, we essentially always collect material (one FNA pass washed in 1cc of saline) for tissue thyroglobulin assay, unless the preliminary cytopathology is unequivocally positive.
Conclusion
Fine-needle aspirations and core-needle biopsies have supplanted surgical biopsies for most head and neck lesions. Although these procedures are not immune to the risk of complications, the use of image guidance has increased their safety and efficacy. CNB in particular has well-established indications for head and neck masses involving salivary glands, particularly the parotid gland, and cervical lymph nodes. Its use in the assessment of thyroid lesions remains controversial with the rapid advancement of molecular testing techniques that can be used with thyroid FNA samples. In the end, the decision to use FNA vs CNB needs to be based on the specific and sometimes unique presentation of each case. 
Discussion
Venous drainage within the thorax can be fairly complex with multiple tributaries eventually draining into the SVC. Although variations are common, the LSIV receives blood supply from the left 1-4 intercostal spaces and crosses anterior to the aortic arch to communicate with the left brachiocephalic vein. The accessory hemiazygos vein receives its blood supply from the hemiazygos and left superior intercostal veins and communicates with the hemiazygos vein inferiorly. 1 The hemiazygos vein receives its supply from the left ascending lumbar and left subcostal veins, as well as from the left renal and gonadal veins; it crosses midline dorsally and communicates with the azygos vein at the T8-T9 level. The azygos vein most commonly drains into the SVC at the level of T5-T6. 2 The number of connections between the azygos and hemiazygos vein can vary between 1 and 5. 3 In one published series evaluating normal anatomical structures involving 1000 chest radiographs, an enlarged LSIV or "aortic nipple" was seen as a normal structure in 0.9% of cases. 4 An abnormally enlarged LSIV has been demonstrated in up to 7% of adults with known or suspected SVC obstruction secondary to mediastinal tumors or lymphadenopathy. 5 In general, an LSIV diameter > 4.5 mm on an upright posterioranterior (PA) chest x-ray is considered abnormal and should prompt careful scrutiny for subtle mediastinal pathology. In patients who are recumbent or assume a Valsalva maneuver during imaging, the diameter of the LSIV can increase by 1 to 2 mm. 6 The differential diagnosis for an enlarged LSIV includes superior vena cava obstruction, congestive heart failure, and congenital vascular anomalies. 1 While it is important to be aware of the differential diagnosis for an enlarged left superior intercostal vein, it is also important to be cognizant of other congenital anomalies that may give the appearance of a para-aortic opacity on radiography. 2
SVC Syndrome
SVC syndrome occurs from obstructed flow from the SVC into the right atrium as can be seen with thrombus, mediastinal fibrosis from prior radiation therapy, or a mediastinal tumor causing compression on the SVC. One pathway that exists for relieving obstruction is the vertebral-azygos-hemiazygos pathway. 7 In the setting of SVC obstruction, drainage through an existing collateral network of veins allows blood to return from the left brachiocephalic vein into the IVC. This occurs because the LSIV is connected to the left brachiocephalic vein superiorly and accessory hemiazygos vein inferiorly. The accessory hemiazygos vein continues as the hemiazygos vein inferiorly. The hemiazygos vein will then communicate with the azygos vein (approximately at the level of T9), and the azygos vein will communicate with the IVC via the lumbar veins as it is unable to drain into the SVC through the azygos arch. 1
Congestive Heart Failure
Congestive heart failure can lead to enlargement of the LSIV as a result of right atrial hypertension; this increased pressure can be transmitted to the azygos-hemiazygos pathway, potentially enlarging the LSIV. 3
Congenital Vascular Anomalies
Congenital absence of the azygos vein, although rare, results in enlarge-ment of the left superior intercostal, hemiazygos, and accessory hemiazygos veins as a result of increased venous circulation through these venous strutures. 2 Additionally, absence of the inferior vena cava can lead to enlargement of the LSIV as the blood is shunted away through the azygos-hemiazygos pathway, eventually draining into the SVC. Similarly, if there is hypoplasia of the left brachiocephalic vein, enlargement of the LSIV can occur as a result of blood shunted away from the area of hypoplasia toward the azygos-hemiazygos pathway. 6
Potential Mimics of LSIV enlargement
Other congenital vascular anomalies can lead to the appearance of a para-aortic opacity on chest radiography. For example, a congenital vascular anomaly that can cause focal widening of the mediastinum adjacent to the aortic knob on a lateral radiograph is a duplicated SVC; in this anomaly, the SVC will likely drain into the coronary sinus or left atrium and is often diagnosed due to a misplaced catheter. Another circumstance in which a congenital vascular anomaly can cause a para-aortic opacity on radiography can be seen in the setting of partial anomalous pulmonary venous return, whereby the anomalous vessel draining the left upper lobe will drain into the left brachiocephalic vein. 2
Diagnosis

SVC syndrome with an enlarged LSIV
Summary
Knowledge of the normal chest structures is vital to evaluating the chest radiograph, as subtle abnormalities such as a focal soft-tissue density lateral to the aortic knob may suggest the presence of an enlarged LSIV. LSIV enlargement may result from an underlying SVC obstruction, CHF, or congenital vascular anomaly. In the case presented, the LSIV enlargement was due to SVC obstruction from Hodgkin lymphoma. 
Case Presentation
A 42-year-old woman with a past medical history of hypertension and poorly controlled type 2 diabetes presented to the emergency department with left flank pain, nausea and vomiting, subjective fevers, hematuria, and dysuria. She was initially treated at an outside facility with antibiotics without improvement. CT of the abdomen and pelvis was performed ( Figures A-D) , followed by appropriate image-guided intervention (Figure E) . 
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Dural Arteriovenous Fistula (DAVF)
A 42-year-old man presented with progressive myelopathy, abnormal gait, lower extremity weakness, and urinary incontinence. An MRI of the thoracic spine (not shown) demonstrated diffuse cord T2 hyperintensity and prominent enhancing perimeduallry veins, suggesting a vascular malformation with cord hypertension. A cervical spine MRI showed an enlarged vessel along the medulla and upper cervical cord (A). Digital subtraction angiography demonstrated a posterior fossa DAVF fed by branches of the left occipital artery (B) and an enlarged ascending pharyngeal artery (C) with perimeduallry spinal venous drainage (Cognard type V DAVF). Transarterial embolization utilizing coils and alcohol resulted in successful occlusion of the DAVF (not shown).
A DAVF refers to abnormal communication between arteries and veins within the dura. 1 Intracranial DAVF, which are most often idiopathic, represent 10% to 15% of all intracranial arteriovenous shunt lesions in adults. 2 Less frequent causes of DAVF include previous craniotomy, trauma, and dural sinus thrombosis. 1 DAVF commonly occur along the transverse sinus with the most aggressive lesions presenting with intracranial hemorrhage. DAVFs are classified as benign (Cognard type I and IIa in which there is antegrade or retrograde sinus drainage, respectively, without cortical venous reflux), or "malignant" in the setting of cortical venous reflux (Cognard IIb, III, and IV), or spinal venous drainage (Cognard V). 1, 2 Cognard type V is rare and considered aggressive because of the spinal symptoms related to cord hypertension caused by arteriovenous shunting. Endovascular treatment with transarterial embolization, transvenous embolization, or a combination of both is the mainstay for therapy with favorable results.
